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i. INTRODUCTICN

The broad objective of this contiract 1s the develcpment of a
usable, fire-resistant water-bise hydrauilc fluid for shipboard
18e, in which the nonacueous phase is fire resistant. The zon-
tract effort 1s restricted to water sclutions 3s :cntracted
with emulsions and/or suspensions.

FPire resistance in the nonagqueous phase 1s important 1in hydraulic
systems operating at 5000 psl, where the ajueous phase in certain
segments of the system may, under special circumstances, evaporate,
thereby leaving a hazardous explosive residue. and where spray
leaks develop there may be 1'ammable residues exposed to ignition
sources.

The suggested, desirable, and tentative specifications for a
fire-resistant water-base hydraulic fluild are:

1. Autogenous Ignition (AIT) > 2CC°F {nonaqueous phase)
Temperature
2. Flasn Point (AIT) > 45C°F (nonagueous phase)
3. Fire Point (AIT) > 55C°F (nonaquecus phase)
L, Viscosity cs. 85C (max) at 25°F and 25-31
at 15C°F
5. Pour Point C°F (max)
6. Shear Stability +1C% change at 15C°F (max)
7. Specific Gravity 1.0-1.2 (1.6 rmax)
60/60°F
8. TIubrication Shipboard screw and variable stroke

piston pumps at 500C psi
$. Compatibility
(a) Metals Steel, corper, copper-nickel,
nickel-copper-bronze, phosphorus-
bronze, and anodized aluminum
(see metal specifications)
(b) Elastomers Buna N

(c) Sea Water Functional with 10%
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1C. Stabllity

(a) Storage -2C to +110°F

(v) Use +25 to 180°F

(c) Pilterable 5 Micron filter
11. PFoaming No stable foam
12. Toxicity Non-hazardous
13. Fluid Residues Water soluble.

Our approach to this problem will be divided into four major
phases:

(1) Selection, by synthesis and evaluation, of one or two
fire-resistant pour point depressants.

(2) Selectilon of a water-soluble polymeric thickener
compatible with the pour point depressant.

(3) Inbhibition of the specified metals against corrosion
in the 11quid and vapor phases by the water solution of the pour
point depressant and thickener.

{4) Compounding the finished fire-resistant, water-base
hydraulic fluid.

II. SUMMARY

Partial alkyl ester alkall salts of phosphates ana phosphonates

are promising candidates as pour point depressants for fire-resistant,
water-base hydraulic fluids. These compounds appear hydrolytically
stable in alkaline solution at 200°F and possess high autoignition
temperatures (AIT).

The alkylphosphoramidates, tecause of their low AIT values, are
of no value for this application. Mono-chleorination of an n-alkyl
phosphate also makes no contribution to the AIT of the trialkyl
ester.

Water-soluble aromatic phosphates without hydrolytic stabilization
are of no further interest.
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II1. GENERAL RISCUSSICH

In the present contract perlcd nurercus exploratcry scouting
Lxperirents were ccnducted, 3lcng with 3 corpiementary synthesis
Pregram, in an effcrt tc establish the utliity cof phosphorus
esters, phosphoramldates and partial ester (alxaii) phosphates,
and phosphonates as fire-resistant, pcur pcint derressants.

()
We have, in general, leaned heavily toward the alxyl phosphordg\\
derivatives in preference tc the ar,l derivatives tecause of a
reference in the literature ty K. H. S. Piirmer and W. J. N. Burch
(J. Chem. Soc., 1925, 27), 1n which these authors repcrt the
mono-, di- and tri-pheny: phosphates are compietely hydrolyzed
oy dilute acid and bty dilute alxa.i. Qur results substantiste
thelr data.

Further, as a result of the hydrc . tic instatiiity of the water-
scluble triethyi phosphate (this repcrt) and of the low AIT's

cf the phosphorazmidates, weé have preferred the partial alkyl
ester {alkal!) phosphates and/cr phosphonates. The monc- und
di-alxyl esters of phosphates have been reported by Plimmer and
Burch {(ibid) to be stable in alkaline soluticn and our results
have also substantiated this finding.

The introduction of secundary amino groups intc aryl phesphates
to produce diaryl phosphcramidates has a stabilizing effect on

the hydrolytic stabllity cf the molecule. We are therefore
synthesizing a molecule of the fcllowing structure,

~

c1@v-r-rz(cn3)z ,
\

0K

tc ottain, 1if possibles some improvement in the AIT above the
level (approaching 23CC°F) showr ty the

(RO)-P-(OK) _,

type mclecules. Additicnal and more specific otservaticus are
made in the subsequent sections of this repcrt.
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IV. PHYSICAL TESTING

A. FLAMMASILITY PROPERTIES

If a water-base hydraulic fluid 1s to be obtained, in which the
water-soluble pcrtion has an AIT of 900°F or higher, then thc

pour point depresaant should possesas the maximum AIT to compensate
for any peiential :owerdng tron tite addlition ¢f a thickener.
Therefore the AIT values of a variety of water-soluble phosphorus
compounds were examined in this contract period and are reported
in Table ). FProm these data some broad conclusions c2n be made:

1. The aliphatic phosphoramidates are materially lower in
AIT than the closely analogous esters (compare compounds 46C,
462, and 423 with compounds 455, 437, and 467). These values
for the phosphoramidates elimina‘e this class from further con-
sideration per se.

2. The introduction of B-chlorine into triethyl phosphate
contributed essentially nothing to the AIT of the ester class
(ccmpare Cpds. 437 and 456). This is provably due to the low
decomposition temperature of the halogenated compound.

3. There 18 a suggestion that the mono- and di-alkyl
(alkall) phosphates and the alkali alkylphosphcnates may be
higher in AIT than the neutral esters (compare Cpds. 455 with
442 and L43; Cpds U67 with 451 and 465).

4. Prom these AIT values the alkyl (alkali) phosphates
and alkali alkylphosphonates are Jjudged candidate, fire-resistant,
pourugo%nt depressants. (See compounds U441, 442, 443, 451, L63,
and 5).

5. A water-soluble phosphine oxide was low in AIT (Cpd. 438).

B.__HYDROLYTIC STABILITY

As previously ment:.oned, Plimmer and Burch have reported the mono-,
di- and tri-pher.'l phosphates as hydreolytically unstable in dilute
alkali and in diivte acid. The results (see Table 2) of our small-
scale tests,both withk ~rganic bases and with alkali, co barate
their results. The iika'i salt of phenyl phosphate at 7 shows
only a trace of hyc..lysic ae measured by NMR (see Cpd. 433). The
lower 1imit of detection bv NMR ~f a different phosphorus environ-
ment 18 about 5%. This sugges:s Lhat a mono-aryl phosphate, to

have any utility, must be statiiized. Stabilization may be effected
by conversion to the ph.sphoramidate, i.e.,
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Table 1

FLAMMAFILITY PROPERTIES

AIT

Time Micro
L2 Flash Fire
MRC No. Compound °F. Sec. _°F. °F.
455 (CH3O)3P 725 13 - -
437 (CoHgC )P 84C 5 - -
b
467 CH -P-(0 2 70C 22 - -
456 (C1CHaCH0) § 8¢ 3 518 €08
i no fire
quy (C1CH2CH20 ) oP-CHoCHOCN 805 5 507 581
447 CHQ-CH-§-(OCHQCHQCI)2 745 6 - -
460 (CH30)2-P-N(CH3)2 £C0 1C - -
u62 (cn3o)-§[F(cn3)2_7é 49s 5 - -
423 zﬂbn3)2g73-§ ues 9 265 360
443 CH30-P(0K)? 925 18 - -
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h63

339

451

u34

438

Table 1 (cont

ld)

AIT
Time Micro
Lag Flash Flre
Compound °F. Sec. _°F. °F.
i no fire
(CH~0),-P-0K 840 15 Lu6 644
0
(cen5o)2-t-ox - - - -
(C2H50)2§0Na 830 9 493 604
caa5o-§(ox)2 875 17 - -
E no fire
06”50 -(on)2 1165 4 370 682
CH3-P-(0K)2 1140 53 - -
nc fire
CoHg-P-(OH), 910 5 75¢ 760
CH3--P-(OCH3 ) (OK) 880 .7 - -
# no fire
LeFs 7 POH 1160 4 594 743
(HOCH,, )3!’ 625 i an 500
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Ratic
MEC %o Compound Cpd/M-¢
A6t c:.n,,{'-ocan5 1.1/1.1

OH

833 CiHcO-P-(OH) 1.2/1.03
433 c6ll50-§-(on)2 2.0/2.¢
433 cbuse-l’-(on)2 RNV
433 cbnso-r-(on)? R oV S
833 CeMe0-P-(ON) - Lo/
433 CoMe0-P- (0N}, .or2.¢
a3 C, RgO-F-{on), 11
LX) ) CoMg0-P-{oM), 1/1

(1) Small-scale experimente
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Cels0 P-NR: ,
0K

which is one additiondal type molecule currently under investigation
in thls class.

The apparent hvdrolytic stabllity of compound 466 is probably due
to 1¢s 1insolublilit;.

The hydrclytic data on alkyl phosphates and their salts are
show:i in Table 3. Water-soluble, low molecular weight trialkyl
phesrhates are cf insufficient hydrolytic stabllity for this
application {zee Cpd. 437). Although anomalies exist in these

iata, they dc indicate that the alkyl (alkall) phosphates have
adeyuate stabllit; for this application.

C. FEREEZINMG PCINT

Scilutions were mcde of diethyl potassium phosphate (Cpd. 468) as
shown in Table 4. From these data the attainment cf satisfactory
pou -~ poirts and freezing pcints for the objectives of this cca-
tract, using alkall sal*s of the alkyl phcsphates, appears to be
no problem,

D. CORROSION

Preliminary corrosion screening tests were conducted with disodium
ethylphosphonate as shown in Table 5. Although the quality of
this acid has now become questionable, 1t does suggest that this
type of molecule in the absence of sea water is not corrcsive teo
steel. Experiments have begun which will determine, more fimrmly,
if tne alkali =alts of alkylph§3phonates and alkyl phosphates

are noncorrosive and at what p?.

In this preliminary experiment corrosion does take plzce rapidly
in synthetic sea water. Inhibition against sea water corrosion
will be investigated. The synthetic sea water was formrulated
according to Interim Federal Specifications in P-3-61C (Navy
Ships), 28 March 1352. We are proposing to use natural sea
water in fcrthcoming tests.
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BEC Mo  Cosgounc

h37 (T M0)4-P
468 (CoHe0),-POK
anm (CoHg0 ) FONA
aa2 (CH30)2POX

0

¢
463 C,Hg0-P-(0K),,

Specification limits

Ts

HYDROLYSIS OF ALKY], PHRSPHA
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Table 3

Teat Hll—H-l%Sr’)l”
Total Copper Strip
Initial  Pige] Aclait w Eﬁﬁe
£ l_ﬁ.m : Kgicm

— Corrosion

- - 12.67 1.2 Etched badly
8.18
hydrolyzed
7 R.5 0.872 Etched badly
7 € 0.71 Copper Ltrown,
no etching
10 - 0.09 Copper dark
brown, no etcting
9.1 8.2 ¢.039 - Copper trowr,
no etching
¢.0 - - 0.571 Appeared etched
8.8 q.¢ o.04 .. Copper t:oun,
ne 8'gn of etching
3.3%5 R. 3 C.039 0.0 Tarmnished and

etctred

0. =g c.3 m’ca:
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HiG No.

68

3

33¢

Table &

FRENZ IRG POINTS OF AQUEQUS PR

Compound

Dlethyl potassium phosphate

Cospound

Disodium ethylphosphonate

Dipotassium ethylphosphonate

None

Ethy lphoaphontic Acid

% Concentration in
Aqueous Solution

50
ko.;

Tatle 5
P MARY |

Jplvent -

Distilled water

Distilled water

Artificial sea
water

Attificial sea
water




le &
} FHDSPHORUS ACID SALTS

°F.
1 in Pour
on Point Rewma ks
-50 cample crystallized
-2C Sulgle crystallize; - melted at
~14°F. W!11 supercccl to ~3CF.
e 5
ROSION DATA
Concentrstion R Metal Used
B ST YO0 SteeT™ Topper Terp Remarks
30 8.0 ¥ Roor Mo corm e’
sfter weexs
30 B.0 X JOCTF o ervR ot
After © weers
- 6.5 Y "CTF Co:rom’er revere
in cne »¢ ;
3C 0.5 X OCTF Jolutter . '3 -

corrosicr 2evere
after 1% e




V. S IS

The foliowing syntheses were carried out to support this
program.

Phosphine Oxides

Tris 1)phos . (Cpd. 438) was prepared
in near quantitative yle y the rolysis of tetrakis-
(hydroxymethyl )phosphonium chloride,

(HOCH,)y-P-C1 + BaCO3 -g (HOCHp)3P=0 + BaClj
A

The barium was removed frum the dilute solution by precipitation
with HoS0y, followed by concentration to remove the hydrochloric
acid and some formic acid. The neutral product was finally

obtained by pascing the solution through an anion exchange column.

sphates

| ] (Cpd. u468) 1 Potassium
wcr! pr!p.rod by the follow ce ©

(m)jw + c12—8-8‘ (m)gim + HCl

Et - bp 86°/10 mm, n25D 1.4150
Me - bp 81°/19 mm, n25D 1.4110

Hn

R

b oo 2B ok
(RO)oPC1 + KOH =g (RO),POK + KC1

The dehydrated product was separated from the KCl1 by dissolving
in a minimum of cold methanol, filtering, and subsequently
removing the solvent under vacuum.

This two-step process was avoided in the preparation of the
diet 1 sphate (Cpd. 441) by direct hydrolysis of the
triet y p osphate:

11
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8 CoH5OH
(CoHs50)3P  + NaOH -'35%.-’ (02350)2§on.a

Dipotassjium Methyl Phosphate (Cpd. 443) and Dipotassium Ethyl
Phoapﬁage iiﬁé. U83) were prepared by the followIng reactions:

0-10° i
ROH + POC1; ——» RO P Clp + HCl

RO ime + 4KOH —P» RO i(ox)2 + 2KC1

The properties and yields of the first two intermediates were:

cn3o§c12 , bp 47.5°/13 mm; n°2D 1.4332; yield 72%

CgﬂsOiClg , bp 56.5°/13 mm; n25D 1.4323; yleld 84%

Purification of the partial ester salts was effected by treating
the dry salt with a minimum -f cold methanol in which the KC1l 1s
essentially insoluble.

Attempted hydrolysis of the methyl phosphorodichloridate to the
acid using the stoichiometric quantity by water resulted in
hydrolysis of some methoxy ester linkage, as evidenced by the
presence of phosphoric acid as shown by NMR.

ccld i
CHBOPCIQ + H2O nmnienen CH3O (GH)‘?
p-Chloivethyl Phosphorodqichloridate
Hexane iC
12
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This reaction was carried out in an attempt to get both S-chloro-
ethyl phosphorodichloridate and biaég—chloroethyl) phosphorochlor{ -
date as intermediates. A yleld of 68.8% of the dichloridate was
obtained and little or no monochloridate.

When the molar ratio of ethylene chlorohydrin to POCl3 was 2:1,
a 15.7% yleld of dichloridate and 18.7% of moncchloridate was
obtained. Experiments using triethylamine as HC1 scavenger
resulted in a viscous,undistillable residue formation.

In view of the low AIT value (85C°P) for the tris(8-chloroethyl)
phosphate (Cpd. 456), these two intermediates will be held in
abeyance.

Fhosphcnates
Methylphosphonic Acid (Cpd. 448)
This compound was prepared by HCl catalyzed hydrolysis of dimethyl

methylphosphonate. A 59% yield of product, mp 102-103°C (acetone-
ether), was obtained.

o, |
CH3P(OCH3), + 2HOH —3» CH3-P(OH), + 2CH30H

The dipotassium v1lph Cpd. 465) was made by titrating
the me _ ) with aquecus potassium
hydroxide to a p 0 and evaporating to dryness under high
vacuum at 80°.

thyl P sium Methyliphosphonate (Cpd. 451) was prepared
by hydrolysis o ethyl methy! p oag nate for 1.5 hrs at 20°

in water solution. The final p" was ]

« i

H-
CH3-§-(OCH3)2 + KOH —iégb'CH3-P-(OCH3)(OK) + CH-CH

. 466) was synthesized

bp_100°/0.04~0.06mm bp 142-3°/C.06 mm
n<oD 1.5093-1.5095 neSD 1.5349-1.5351]

13
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CuHo-f(OC6H5)Cl 4+ H20 'EF&? cung-f—(ocsn5)(on) + HC1
25°-30°

This product was characterized by NMR.

Attemﬁted Partial Saponification of Pis(B-chloroethyl)

Vinylphosphonate in accordance wlth the equation,

0
[
cuz-cui(ocngcnzm)g + KOH =—g» CH,=CH-POCHLK,C1 + KC1
OK
at 20-25°C resulted in a viscous 123quid/solid mixture (after

dehydration). It appeared that dehydrohalogenation, instead of
saponification, had occurred.

Phosphoramidates
Tet ramethyl Phosphoramidate (Cpd. 46C) (bp 51°/14 mm;

n<>p T. was prepared in 76.5% yield by the following
reaction:
cH H
/13 Eth i C
(cHz0),pc1 + amn] ° ZRT e (CHy0) bW
“CH3 CH3

Methyl Tetramethyl hosghoggdlamid%ge Cpd. 462) was prepared
in an &% yield accoréing tc the equation:

v C
CHBCLIE + 4(CH3)NH — ca3o;§(cu3)az

The water-soluble compound distilied at 33°/17 mm and the 2<5D
was 1.4364.

m-Chlorophenyl Dimethylphosphoramidcchlorlidate  was
synthesized by the reaction cf one mole of m-chlcrophenylphos-
phorodichlcridate with twgc moles of dimethylamine, one mole of
which was consumed as hydrogen chloride scaverger,

14
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0 § benzene §
Cl 0-P-Cly + 2(CH3)2N'H —1—0-:5-75-;-’ CI‘E)O-CEN(CHS)E +

The product distilled at 124-122°,/0.30-C.09 mm; n°2D 1.5258,
714 yield.

Attempted hydrelysis of this dinethylphcsphoramidochloridate
to the tassium salt in weter, using potassium blcarbonate, was
unsuccesstul

01-0-0- -N(CH3), -—2\> 0100 E-ox :

(CH3),

NMR pattern and integrated area suggested that the sample was
a mixture of the desired material and a contaminant containing

no (CH3) N- group.

Unsuccessful 2180 was the hydrolysis of diethylphosphoramidic
dichloride tc the dipctassium N,N-dlethylphosphoramidate

0 c
H,0 , . 2
(Ceﬂs)?ﬂi!:12 + KOH W (CoH= j oN-P(0K)
The molecule hydrolyzed completely.

VI. FUTURE PLANS

1. Determi~e tLhe optimun compcurd as a pour point depressant
in the clasa of phosphates and phosphonates.

Determine the compatibility of trnese twoc classes with paint.

no

3. Determine compatiblliity of the pcour roint depressant with
sea water from a precipitation standpoint.

4. Give consideration to non-phospho—ug halogenated organics.

5. Investigate thickeners.

15
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